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[s7] - ABSTRACT 

Video signal processing apparatus for use with a video 
camera having a line scanning line period during which 
useful video information is provided and a ilyback per 
iod during which an optical black signal level is pro 
vided. Replacement black signal information that is a 
function of the optical black signal level is inserted into 
a portion of the ?yback period. When the camera is of 
the type having a complementary color matrix ?lter 
which produces odd and even raster scan lines of image 
pickup signals with different modulation components, 
another aspect of this invention ‘provides improved 
contour correction. Modulation components in a scan 
line of image pickup signals caused by the patterns of 
?lter elements included in the matrix are removed, 
thereby producing an averaged scan line of image sig 
nals from which is extracted a signal component that is 
uncorrelated from one line to the next. Prior to such 
extraction, that portion of an averaged scan line of 
image signals which exceeds a predetermined level that 
is less than the lowest average level of a scan line of 
image signals which would saturate video processing 
circuitry is clipped. The extracted, uncorrelated signal 
component is combined with an averaged scan line of 
image signals to produce a contour-emphasized lumi 
nance signal. 

12 Claims, 11 Drawing Sheets 
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VIDEO SIGNAL PROCESSING APPARATUS FOR 
USE WITH A VIDEO CAMERA 

This application is a continuation of application Ser. 
No. 07/597,308, ?led Oct. 15, 1990. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to video signal processing ap 

paratus for use with a video camera and, moreparticu 
larly, to such apparatus which, in one embodiment, 
inserts into the video signal derived from that camera a 
black signal information component to which other 
video processing circuits may be clamped; and which, 
in another embodiment, produces an improved contour 
emphasized luminance signal. 

2. Discussion of the Prior Art 
In video image pickup apparatus, such as television 

cameras (for example, television cameras having charge 
coupled device pickup members), still video cameras 
and video signal processing circuits used with such 
cameras, several stages of processing circuitry carry out 
operations which are dependent upon a reference video 
signal level, such as that which represents black infor 
mation. The accuracy with which such signal process 
ing operations are performed is dependent upon a refer 
ence black level which best represents the optical black 
level that may be derived from the image pickup device 
of the camera, even if the scene being imaged does not 
then contain black information. A typical video camera, 
whether of the CCD-type or otherwise, scans informa 
tion imaged onto a pickup element in a line-by-line 
raster array formed of a line scanning period, during 
which useful video information is scanned, followed by 
a ?yback period, during which the video camera is 
conditioned to scan the next line of image information. 
Usually, information representing a desired black refer 
ence signal level is inserted into the video signal during 
the ?yback period. Luminance and chrominance com 
ponents which are derived from the image information 
produced by the pickup element are formed relative to 
this reference black signal level. 
One example of a CCD imaging arrangement in 

which a black reference signal level is inserted into the 
horizontal ?yback period of the video signal produced 
by a television camera is illustrated in FIG. 1. Here, the 
image pickup element is represented as a CCD device 2 
having a useful image pickup area 2A and light-shielded 
optical black surface 213 adjacent the image pickup 
surface. As is conventional, electrical signals produced 
as stored charges across CCD device 2, including the 
signals produced across image pickup surface 2A and 
optical black surface 2B, are shifted on a line-by-line 
basis into a horizontal storage register 2C from which 
the contents are read out in serial fashion. The resultant 
photoelectric output 5] from horizontal register 2C is 
ampli?ed and supplied to an output terminal P; as an 
image pickup signal 8;. 
A schematic representation of the image pickup sig 

nal S1 is illustrated as the waveform shown in FIG. 3A. 
This image pickup signal is comprised of useful video 
information W1 produced during a line scanning period 
T;, followed by the ?yback period formed of portions 
T2, T4 and T3. The sum of these periods T1-T4 is equal 
to a horizontal scanning interval, known as a “l H” 
interval. During portion T2 of the horizontal ?yback 
period, the signal W1 derived from the scanned optical 
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2 
black surface 2B of FIG. 1 is generated. The level of 
this signal W2 is the black reference signal level pro 
duced by CCD device 2 and is equal to the video infor 
mation produced when a truly black image is scanned. 
When image pickup device 1 of FIG. 1 is used with 

other signal processing circuitry of the type normally 
included in a video camera, the image pickup signal S; 
produced by the image pickup element is supplied to a 
processing circuit, such as circuit 4 shown in FIG. 2. 
The image pickup signal S; is sampled by a correlated 
double sampling circuit 5 (known as a CDS circuit), as 
schematically represented in FIG. 3A. The sampled 
signal is subjected to automatic gain control by an AGC 
circuit 6 to produce an image signal S3 having the wave 
form shown in FIG. 313. Here, the image signal S3 is 
comprised of useful video information W11 during line 
scanning period T1, and the black reference signal level 
W12 derived from optical black surface 28 during por 
tion T2 of the horizontal ?yback period. The black 
reference signal level W11 is referred to as the optical 
black signal level. The image signal also includes a 
blank signal W14 during portion T4 of the ?yback per 
iod, as well as a blank signal W13 during that portion T3 
of the ?yback period which immediately precedes scan 
ning period T1. 
The image signal S3 shown in FIG. 3B is applied to a 

clamp circuit 7. This clamp circuit is provided with a 
clamp pulse CLP1, shown in FIG. 3C, during portion 
T2 of the ?yback period to clamp the signal level of the 
image signal during portion T2 to the optical black sig 
nal level W1; which then is present in the image signal 
S3. Clamp circuit 7 supplies to a signal processing sec 
tion 8 the clamped image signal S4 (whose waveform is 
similar to that of signal S3 in FIG. 3B) with the optical 
black signal level W11 properly clamped to the level 
derived from the scanning of optical black surface 2B of 
CCD pickup 2. The signal processing section utilizes 
the clamped optical black signal level W12 as a reference 
from which various video processing operations are 
carried out. The resultant processed video signal S5 is 
supplied to an output terminal P; by signal processing 
section 8. 

Typical processing operations that may be carried 
out by signal processing section 8 include gamma cor 
rection, luminance signal derivation, chrominance sig 
nal carrier balance, 1 H delay circuit gain adjustment, 
aperture control and horizontal synchronizing signal 
generation. These operations typically rely upon a 
?xed, unvarying reference signal level that is related to 
the image signal produced by image pickup device 2. By 
using the optical black signal level W12 derived from 
optical black surface 2B, a proper reference signal level 
is obtained. However, signal processing section 8 nor 
mally is formed of a number of individual operating 
stages, each adapted to carry out a respective signal 
processing operation. In doing so, each stage establishes 
its own reference signal level in order to execute its 
designated operation; and this is done by clamping the 
optical black signal level W11 which had already been 
clamped by clamp circuit 7. - ' 
As each stage carries out its own individual clamping 

operation, inconsistencies and/or errors may be intro 
duced into the signal level which ultimately is clamped. 
That is, although the optical black signal level W12 
present in clamped image signal S4 may be accurate, 
subsequent clamping operations carried out on this opti 
cal black signal level may be accompanied by noise, 
which results in an inaccurate noise-induced clamped 
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reference signal level for a particular stage. In another 
stage, the clamped reference signal level may include a 
leakage voltage from the clamping pulse itself, which 
deforms the reference signal level in that stage. Conse 
quently, the reference level which should be uniform in 
all stages may vary from one stage to another because of 
inaccuracies introduced by the individual clamping 
operations that are carried out by each such stage. The 
likelihood of such deviations in the reference level in 
creases as the number of signal processing stages and, 
thus, the number of individual clamping operations, 
increases. Hence, errors may develop because signal 
operations which are carried out with the expectation 
that they all are referenced to the same reference level 
are, in fact, performed on the basis of different reference 
levels. Clearly, this is a drawback and disadvantage 
attending known video cameras and the video signal 
processing circuits used with those cameras. 
Some color video cameras include an optical comple 

mentary color matrix ?lter through which the optical 
image of a scene is projected to the image pickup ele 
ment. A small portion of such a complementary color 
matrix ?lter is schematically illustrated in FIG. 4 as 
including successive rows of alternating color ?lter 
elements. For example, one row is comprised of alter 
nating yellow and cyan ?lter elements YE, C y, YE, Cy, 

. , etc., and the next row is formed of alternating 
magenta and green ?lter elements M(;, G, M6, G, . . . , 
etc. Thus, the complementary color matrix ?lter is com 
prised of one row formed of .altemating Y5 and Cy 
elements followed by the next row formed of alternat 
ing MG and G elements, and so on. Typically, the pho 
toelectric signals which are produced by the image 
pickup element in response to a visual scene being im 
aged through the matrix ?lter are scanned such that 
those signals produced in response to the imaging 
through two ‘adjacent rows of ?lter elements are 
scanned simultaneously. Thus, when a CCD image 
pickup element is used, the charges stored as a result of 
imaging through two vertically adjacent rows are 
scanned simultaneously when one horizontal raster line 
of image signals is produced. 

Often, the patterns of the adjacent rows of ?lter ele 
ments from which an even scan line of image signals is 
produced differ from the patterns of the adjacent rows 
of ?lter elements from which an odd scan line of image 
signals is produced. This difference generally is equal to 
one row of ?lter elements. Accordingly, and with refer 
ence to FIG. 4, when an even horizontal line is scanned, 
that is, when an even scan line of image pickup signals 
is produced, that scan line may be derived from color 
?lter elements YE+MG, Cy+G, Y£+ MG, Cy+ G, etc. 
However, when an odd line is scanned, the image 
pickup signals produced by that odd scan line may be 
derived from the color ?lter elements YE+G, Cy+ MG, 
YE+G, CY+MG, etc. 

It is appreciated that red and blue color signals may 
be formed of predetermined arithmetic combinations of 
yellow, cyan and magenta signals. For example, the red 
color signal may be formed by subtracting a cyan signal 
from the sum of yellow and magenta signals. As another 
example, the blue color signal may be formed by sub 
tracting a yellow signal from the sum of magenta and 
cyan signals. Furthermore, the luminance signal Y is a 
function of the average value of the image pickup signal 
derived from all of the ?lter elements of the comple 
mentary color matrix ?lter. Thus, by arithmetic combi 
nation of the yellow, cyan and magenta signals, red and 
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4 
blue color difference signals R-Y and B-Y, as well as the 
luminance signal Y may be obtained. 
However, it is known that, for a given brightness of a 

visual scene, the signal level derived from a yellow 
?lter element YE is greater than the signal level derived 
from a magenta ?lter element MG which, in turn, is 
greater than the signal level derived from a cyan filter 
element Cy, which is greater than the signal level de 
rived from a green ?lter element G. Because of this 
difference in the signal levels, the modulation compo 
nent produced by the ?lter elements when an even line 
is scanned differs from the modulation component that 
is produced when an odd line is scanned. This differ 
ence in the modulation levels is represented by the 
waveforms shown in FIGS. 5 and 6. 
FIG. 5 represents the image pickup signal produced 

when an even line is scanned and is derived from the 
photoelectric signals produced by ?lter ‘elements 
Y£+MG, Cy+G, YE+M6, Cy+G, etc. FIG. 6 repre 
sents the image pickup signal produced when an odd 
line is scanned and is derived from the photoelectric 
signals produced by ?lter elements Y£+G, Cy+MG, 
YE+ G, CY+M(;, etc. For convenience, FIGS. 5 and 6 
also illustrate a saturation voltage level E541, which 
represents the level of the image pickup signal whereat 
signal processing circuitry to which the image pickup 
signal is supplied operates in saturation. It is appreciated 
that, for proper signal processing, the level of the image 
pickup signals should be less than this saturation voltage 
level ESAT. Although the modulation swings of the 
image pickup signals produced during the even and odd 
line scans differ (in the example illustrated, the modula 
tion component produced during even line scans in 
greater than the modulation component produced dur 
ing odd line scans), it is assumed that the signal level of 
the even and odd scan lines does not exceed the satura 
tion voltage level E5,” and, therefore, the average 
value of these image pickup signals is substantially 
equal. 

If the brightness of the object being imaged increases, 
the modulation swings of the image pickup signals like 
wise increase, as illustrated in FIGS. 7 and 8. Consistent 
with FIGS. 5 and 6, FIG. 7 represents the image pickup 
signal produced when an even line is scanned and FIG. 
8 represents the image pickup signal produced when an 
odd line is scanned. In the example being described, the 
brightness of the object being imaged is such that the 
level of the image pickup signals produced during an 
even scan line exceeds the saturation voltage level 
E547: If the maximum level of the image pickup signal 
produced during an odd scan line remains less than this 
saturation voltage level, then the level of the average 
value 15,, VL of the image pickup signals produced during 
an even scan line will be less than the level of the aver 
age value EAVL of the image pickup signal produced 
during an odd scan line. The fact that these average 
values differ from each other deleteriously in?uences a 
contour correction operation that normally is carried 
out on the image pickup signals derived from the video 
camera.‘ - ‘ ‘ 

Contour correction in the vertical direction typically 
is performed by extracting components of adjacent lines 
of the luminance signal which are not correlated with 
each other. Such uncorrelated components typically are 
present at a contour; and these extracted components 
are emphasized and used to provide contour correction 
of the luminance signal. From the preceding discussion, 
it is recognized that the luminance signal is related to 
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the average value of the image pickup signals derived 
from the complementary color matrix ?lter. Thus, if the 
levels of the average values of the image pickup signals 
produced during the even and odd scan lines differ, 
such as shown in FIGS. 7 and 8, the uncorrelated com 
ponents in successive lines of the luminance signal will 
be much larger than they should be. In contour correc 
tion, the extracted, uncorrelated components are super 
imposed on the luminance signal. Hence, when the 
difference in the levels of the average value EA V1, of the 
image pickup signals produced during even and odd 
scan lines is large, erroneous contour correction is per 
formed, resulting in degraded quality of the resultant 
video picture. 

It has been proposed, such as in Japanese Laid~0pen 
Patent Application No. 269873/88, to eliminate this 
difficulty by suspending the contour correction opera 
tion if the video signal processing circuits are saturated. 
However, this requires a rather intricate detecting cir 
cuit and adds to the overall complexity of the video 
signal processing circuitry. Furthermore, if contour 
correction is suspended when saturation is detected, 
that is, when the brightness of the object being imaged 
is relatively high, an abrupt change in picture quality 

20 

may be observed. FIG. 9 is a graphical representation of 25 
an abrupt suspension in the contour correcting opera 
tion when the brightness of the scene being imaged 
exceeds a value which would result in saturation of the 
signal processing circuitry. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

Therefore, it is an object of the present invention to 
provide improved video signal processing apparatus for 
use with a video camera which provides a good black 
reference level in the horizontal flyback period of the 
video signal. 
Another object of this invention is to provide means 

for inserting replacement black signal information into a 
portion of the ?yback period of a video signal, which 
replacement information is a function of the optical 
black signal level normally provided in that ?yback 
period. 
A further object of this invention is to provide video 

signal processing apparatus for use with a video camera 
to produce a video signal with an optical black signal 
level during one portion of the horizontal ?yback per 
iod and with replacement black signal information that 
is a function of that optical black signal level during 
another portion of the ?yback period. 
An additional object of this invention is to provide 

improved contour correction of a video signal derived 
from an image pickup element having an optical com 
plementary color matrix ?lter. 
Yet another object of this invention is to provide 

video signal processing apparatus for use with an image 
pickup device of the type having an optical complemen 
tary color matrix ?lter, wherein image signals derived 
from that pickup device are prevented from reaching 
levels which would saturate signal processing circuitry 
and which otherwise would introduce errors into a 
contour correction operation. 

Various other objects, advantages and features of the 
present invention will become readily apparent from 
the ensuing detailed description, and the novel features 
will be particularly pointed out in the appended claims. 

In accordance with one aspect of this invention, 
video signal processing apparatus is provided for use 
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with a video camera having line scanning and tlyback 
periods, wherein useful video information is produced 
during a line scanning period and an optical black signal 
level is produced during at least a portion of the ilyback 
period. During another portion of the ?yback period, 
replacement circuitry operates to insert replacement 
black signal information that is a function of the optical 
black signal level. Preferably, the video camera includes 
a pickup device having an image pickup surface and an 
optical black surface, the latter being scanned during 
the ?yback period to produce the optical black signal 
level. 

In accordance with another aspect of this invention, 
video signal processing apparatus is provided for use 
with an image pickup element having an optical com 
plementary color matrix ?lter provided with successive 
rows of patterns of color ?lter elements such that the 
patterns of adjacent rows of ?lter elements from which 
an even scan line of image pickup signals is derived 
differ from the patterns of adjacent rows of ?lter ele 
ments from which an odd scan line of image pickup 
signals is derived. Modulation components in a scan line 
of image pickup signals caused by the patterns of ?lter 
elements are removed to produce an averaged scan line 
of image signals. A processing circuit extracts from the 
averaged image signals a signal component that is un 
correlated from one averaged scan line to the next, and 
a clipping circuit coupled to the processing circuit oper 
ates to clip that portion of an averaged scan line of 
image signals which exceeds a predetermined level that 
is less than the lowest average level of a scan line of 
image signals that would saturate the processing circuit. 
The extracted uncorrelated signal component is com 
bined with an averaged scan line of image signals to 
produce a contour emphasized luminance signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following detailed description, given by way of 
example and not intended to limit the present invention 
solely thereto, will best be understood in conjunction 
with the accompanying drawings in which: 
FIG. 1 is a schematic representation of an image 

pickup device with which one aspect of the present 
invention ?nds ready application; 
FIG. 2 is a block diagram of prior art signal process 

ing circuitry used with the image pickup device shown 
in FIG. 1; 
FIGS. 3A-3C are waveform diagrams which are 

useful in understanding the operation of the circuitry 
shown in FIG. 2; 
FIG. 4 is a schematic representation of a portion of an 

optical complementary color matrix ?lter which pro 
duces difficulties that are remedied by another aspect of 
the present invention; 
FIGS. 5, 6, 7 and 8 are waveform diagrams which are 

useful in understanding the problem which is overcome 
by this aspect of the present invention; 
FIG. 9 is a graphical representation of a difficulty 

associated with a prior art proposal to relieve the prob 
lems solved by the present invention; 
FIG. 10 is a block diagram of video signal processing 

circuitry which includes one aspect of the present in 
vention; 
FIGS. llA-llF are waveform diagrams which are 

useful in understanding the operation of the invention 
shown in FIG. 10; 
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FIG. 12 is a block diagram showing one embodiment 
of the black level clamp replacing circuit shown in FIG. 
10; ' 

FIG. 13 is a block diagram of one embodiment of a 
portion of the luminance signal processing section 
shown in FIG. 10; 
FIG. 14 is a block diagram of one embodiment of 

another aspect of the present invention; - 
FIGS. 15, 16 and 17 are graphical illustrations which 

are useful in understanding the operation and advan 
tages achieved by the embodiment shown in FIG. 14; 
FIG. 18 is a block diagram of another embodiment of 

the invention shown in FIG. 14; and 
FIG. 19 is a block diagram of yet another embodi 

ment of the invention shown in FIG. 14. 

DETAILED DESCRIPTION OF CERTAIN 
PREFERRED EMBODIMENTS 

Video signal processing circuitry is illustrated in 
FIG. 10 which includes one aspect of the present inven 
tion. This circuitry 11 is used with an image pickup 
device 13 which, for example, may be a solid-state ele 
ment such as a CCD device supplied with suitable tim 
ing signals S3 from a timing signal generator 12 for 
producing line-by-line image pickup signals $12. An 
illustrative waveform of one line of image pickup signal 
S]; is shown in FIG. 11A. This image pickup signal is 
supplied from an output terminal P11 of image pickup 
device 13 to a CDS sampling circuit 15 included in 
image signal processing circuit 14. Similar to the prior 
art embodiment shown in FIG. 2, the sampled image 
pickup signal produced by the CDS sampling circuit is 
subjected to automatic gain control by an AGC circuit 
16 to produce an image signal S13 having the waveform 
shown in FIG. 11B. It will be appreciated that image 
signal S13 is comprised of useful video information W“ 
during a line scanning period T1 and a black reference 
signal level W12 during portion T2 of the horizontal 
?yback period. Although not shown in FIG. 10, the 
black reference signal level preferably is derived from 

_ an optical black surface included in image pickup de 
vice 13 and is referred to as an optical black signal level. 
Thus, the image pickup device shown in FIG‘. 10 may 
be similar to image pickup device 1 of FIG. 1. 

Like image signal S3 shown in FIG. 3, image signal 
S13 produced by AGC circuit 16 also includes a blank 
signal W14 during portion T41’ of the ?yback period, as 
well as a blank signal W13 during that portion T3 of the 
?yback period which immediately precedes scanning 
period T1. Image signal S13 having the general wave 
form schematically illustrated in FIG. 11B is supplied to 
a black level clamp replacing circuit 17 which functions 
to replace blank signal W14 with replacement black 
signal information that is a function of the optical black 
signal level W12, as will be described below in conjunc 
tion with FIG. 12. The black level clamp replacing 
circuit produces an output video signal S19 that is cou 
pled to video signal processing sections illustrated as a 
chrominance signal processing section 31 and a lumi 
nance signal processing section 32. As will be described 
below, each of these signal processing sections includes 
plural stages, each of which clamps the output video 
‘signal supplied thereto so as to use the clamped black 
level therein as a reference from which signal process 
ing operations are performed. 

Advantageously, different stages in each signal pro 
cessin g section are supplied with different timing signals 
from timing signal generator 12 so as to clamp the out~ 
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put video signal at different portions of the ?yback 
period. Consequently, one stage in the signal processing 
section clamps the output video signal at the optical 
black signal level present at the output of black level 
clamp replacing circuit 17, and another stage in the 
signal processing section clamps the output video signal 
at the replacement black signal information level which 
is inserted into portion T41 of the ?yback period by 
black level clamp replacing circuit 17, as will now be 
described. It will be appreciated that, if the optical 
black signal level and the replacement black signal in 
formation level are equal, or otherwise related to each 
other, errors which may be attributed to a clamping 
operation when one black level is clamped will not be 
imparted to other signal processing stages which oper 
ate to clamp a different black level. Thus, errors due to 
noise or leakage of the clamping pulse, as mentioned 
above, are avoided. 

Black level clamp replacing circuit 17 is illustrated in 
FIG. 12 as comprising a DC level shifting circuit 21, a 
comparator 22, a level processing circuit 26 and a 
change-over switch 25. The DC level shifting circuit is 
supplied with image signal S13 and is adapted to receive 
a DC control signal from comparator 22 which deter 
mines the DC level of the image signal. Hence, the DC 
level of the image signal is shifted upward or downward 
as a function of the comparator. This level-shifted 
image signal S14 is supplied to one input terminal 11 of 
change-over switch 25. 
Comparator 22 is adapted to compare the DC level of 

the level-shifted image signal $14 to a reference level 
S15 produced by a reference voltage source 23. Prefera 
bly, the comparator is selectively enabled by an enable 
timing pulse S20 produced by timing signal generator 12 
during portion T2 of the ?yback period. When enabled, 
the output of comparator 22 is fed back to DC level 
shifting circuit 21 to adjust the DC level of the image 
signal supplied thereto. The DC control signal pro 
duced by the comparator also is stored on a capacitor 24 
so as to supply a continuous DC level control signal to 
the DC level shifting circuit. It will be seen that the DC 
level of the image signal thus is controlled so as to be 
equal to the DC reference level S15. Any difference 
therebetween is detected by comparator 22 at the en 
able timing pulse 820 and is used to adjust the level 
shifted image signal S14 in a direction to make the DC 
level thereof equal to the DC reference level. Hence, 
undesired DC level changes which may be present in 
the image signal during a horizontal scanning interval 
are corrected. 

Level processing circuit 26 is illustrated as an ampli 
?er coupled to reference voltage source 23. The level 
processing circuit produces a replacement black signal 
level, also referred to herein as replacement black signal 
information, merely by amplifying the reference level 
$15 by a suitable gain. Consequently, the reference level 
is subjected to a level adjustment by the level process 
ing circuit to provide a black signal level substantially 
equal to the optical black signal level of the level-shifted 
image signal $14. This black signal level S17 is applied to 
terminal I; of change-over switch 25. 
The change-over switch is coupled to timing signal 

generator 12 to receive therefrom a change-over timing 
signal S13 which changes the connection of the output 
of switch 25 from terminal I] to terminal 1;. As will be 
described, switch 25 normally couples level-shifted 
image signal S14 to its output but, in response to change 
over timing signal S13, the switch couples black signal 
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level S17 to its output. Thus, a portion of the level 
shifted image signal which otherwise is present during 
the duration of change-over timing signal S13 is replaced 
by the black signal level produced by level-processing 
circuit 26. Consequently, the black signal produced by 
the level-processing circuit is referred to herein as the 
replacement black signal level. Change-over switch 25 
produces an output video signal Stg constituted by the 
level-shifted image signal S14 and the replacement black 
signal level S17. 
Image signal S13 supplied to black level clamp replac 

ing circuit 17 is illustrated in FIG. 11B. The image 
signal includes optical black signal level Wu, and it is 
this optical black signal level that is compared to the 
reference level S15 by comparator 22. Any differences 
therebetween are fed back to adjust the DC level of the 
image signal, resulting in level-shifted image signal S“. 
This level-shifted image signal is supplied through 
change-over switch 25 during line scanning period T] 
and portion T2 of the ?yback period. FIG. 11D illus 
trates the output video signal S19 derived from level 
shifted image signal S14 during periods T1, T1 and T3. 
Timing signal generator 12'produces a change-over 

timing signal S13 having a duration equal to portion T4X 
of the ?yback period. FIG. 11C illustrates this change 
over timing signal S18. In response to this change-over 
timing signal, switch 25 couples the replacement black 
signal level Sn to the output thereof; and this replace 
ment black signal level is illustrated as waveform Wain 
FIG. 11D. Thus, output video signal S19 is formed of 
level-shifted image signal S14, including useful video 
information W21, the optical black signal level W12 and 
the blank signal W23 during portions T1, T2 and T3, 
respectively, of the line scanning period. In response to 
change-over timing signal S13, change-over switch 25 
supplies the replacement black signal level W24 during 
portion T4,? of the ?yback period. Nevertheless, this 
replacement black signal level W24 is derived from ref 
erence level S15 and is substantially equal to the optical 
black signal level W22. 
FIG. 11E illustrates the enabling timing pulse S20. 

This pulse is timed to occur during portion T2 of the 
?yback period so as to enable the comparator when the 
optical black signal level is present at the output of DC 
level shifting circuit 21. If, in response to enabling pulse 
S20, comparator 22 detects a difference between the 
optical black signal level and the reference level S15, the 
DC level of the image signal S13 is shifted accordingly 
to making the compared levels equal. Thus, the level of 
the useful video information W21 is shifted in a corre 
sponding manner so as to be properly referenced to the 
optical black signal level. The level-shifted image signal 
S14maintains an optical black signal level determined by 
the reference level S15. 
The output video signal S19 produced by black level 

clamp replacing circuit 17 is coupled to chrominance 
signal processing section 31 and to luminance signal 
processing section 32, as shown in FIG. 10. For simplifi 
cation, each of these signal processing sections is com 
prised of plural stages, illustrated as two stages, supplied 
with clamping pulses S20 (clamping pulse S20 may be 
the same as enabling pulse $20 of FIG. 11E) and S21, 
respectively, produced by timing signal generator 12. 
Accordingly, chrominance signal processing section 31 
is shown with processing stage 3123 and processing 
stage 3153 supplied with clamping pulses S20 and 521, 
respectively. Similarly, luminance signal processing 
section 32 is illustrated with stages 3213 and 3253 sup 
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10 
plied with clamping pulses S20 and 521, respectively. 
The structure and operation of each stage form no part 
of the present invention per se; but it will be appreciated 
that the successful operation of each stage is dependent, 
at least in part, on_ the black reference level present in 
the output video signal S19. 
Clamping pulses S20 and S21 are illustrated in FIGS. 

11E and 11F. It is seen that clamping pulse S20 serves to 
clamp the optical black signal level W12 included in 
output video signal S19; and clamping pulse S21 serves 
to clamp the replacement black signal level W14 in 
cluded in the output video signal. Hence, the black level 
clamped in, for example, stage 3213 may differ from the 
black level clamped in stage 3253. If these two black 
levels are substantially equal, as is produced by black 
level clamp replacing circuit 17 (and as is shown in 
FIG. 11D), both stages have the same black signal level 
as a reference. But, noise which may be superimposed 
on optical black signal level W22 will not be present on 
replacement black signal level W24. Similarly, leakage 
voltage which may be added to the optical black signal 
level W22 by clamping pulse Sz0will not be added to the 
replacement black signal level W24. 
Clamping pulse S20 is used by stage 3113 to clamp the 

optical black signal level W12 included in the output 
video signal S19; and clamping pulse S11 is used by stage 
3153 to clamp the replacement black signal level W24 
included in the output video signal. Hence, stages 3113 
and 32B clamp the optical black signal level W2; and, 
thereafter, stages 3155 and 3253 clamp the replacement 
black signal information W24. For example, the optical 
black signal level W22 may represent an absolute black 
level which stages 31 Z3 and 3223 need to carry out their 
respective signal processing. Replacement black signal 
level W24 may represent a black level which stages 
3155 and 3255 need to control the dynamic range of the 
useful video information included in the output video 
signal. With the video signal processing circuitry shown 
in FIG. 10, the clamping operation which requires the 
absolute black level (as carried out by stages 3113 and 
3215) is suspended when the clamping operation which 
utilizes the black level needed for dynamic range adjust 
ment (as carried out by stages 3153 and 3253) is per 
formed. 
One example of stages 3215 and 3253 that may be 

included in luminance signal processing section 32 is 
illustrated in FIG. 13. Although these stages are de 
scribed as being included in the luminance signal pro 
cessing section, the same or similar stages may be in 
cluded in the chrominance signal processing section. 
As shown, section 3215 may include a gamma cor 

recting circuit 41 adapted to carry out gamma correc 
tion on video output signal S19 supplied thereto. Section 
3251; is comprised of, for example, a gain control circuit 
43 which functions to adjust the gain of the gamma-cor 
rected output video signal supplied to the gain control 
circuit by way of a l H delay circuit 42'. As an alterna 
tive, stage 3213 (or stage 3123) may include a luminance 
signal set-up stage or a chrominance signal carrier bal 
ance stage. Stage 3255 (or stage 3155) may include the 
illustrated l H delay gain adjusting stage, an aperture 
control stage or a horizontal synchronizing signal stage. 
In the illustrated example, gamma correcting circuit 41 
is supplied with a black level reference signal S36 pro 
duced by a clamp circuit 42 which clamps the output 
video signal S19 in response to clamping circuit S20 
(shown in FIG. 11E). Hence, the gamma correcting 
circuit is supplied with the optical black signal level 
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W1; which is obtained by the clamp pulse S20. Similarly, 
gain control circuit 43 is supplied with a black level 
reference signal produced by clamp circuit 44 in re 
sponse to clamping pulse 8;; (shown in FIG. 11F) 
which clamps the l H delayed gamma-corrected output 
video signal. Gain control circuit 43 thus is supplied 
with a black reference level S34 which is produced by 
clamping the replacement black signal level W24 (FIG. 
HD) in response to the clamping pulse S21 (FIG. 11F). 
Hence, gain control circuit 43 responds to the replace 
ment black signal level to establish the proper dynamic 
range for the useful video information W21 of the video 
signal. 
By using the replacement black signal level W24 as 

the reference signal for gain control circuit 43, the pos 
sibility of noise signals that may be superimposed onto 
the optical black signal level W22, or of distortion in the 
reference signal due to leakage of clamping pulse S20 is 
avoided. Since different clamping pulses are used to 
.clamp different reference black levels W22 and W24 in 
the horizontal ?yback period, any leakage or noise 
which may be present in the replacement black signal 
level W24 does not adversely affect the reference level 
which is derived from the optical black signal level 
W12. Hence, processing operations which rely upon an 
absolute black level, as will be obtained from the optical 
black signal level W22, are performed accurately and 
without interference from distortions that may be intro 
duced to the replacement black signal level W24. Simi 
larly, operations in which the dynamic range of the 
video signal is controlled by the replacement black 
signal level W24 are performed accurately and without 
interference that otherwise may be introduced by dis 
tortions in the optical black signal level W22. 

Turning now to FIG. 14, there is illustrated a block 
diagram of a contour correcting circuit that may be 
used for contour correction of the video signal derived 
from an image pickup element 52 having an image pro 
jected thereto through an optical complementary color 
matrix ?lter of the type shown in FIG. 4. Image pickup 
element 52 is coupled to a low pass ?lter 56 by an ampli 
fier 54. The ?lter serves to remove the modulation com 
ponents in a scan line of image pickup signals caused by 
the patterns of ?lter elements included in the color 
matrix ?lter. Hence, the ?lter produces an averaged 
scan line of image signals. Thus, and with reference to 
FIGS. 5 and 6, the modulation components attributed to 
?lter elements YE+MG, Cy+G, Y5+ MG, Cy+G, and 
the modulation components attributed to the ?lter ele 
ments YE-l-G, Cy+MG, YE+G, CY+MG, etc., are 
?ltered, resulting in the average levels EA VL. 
Contour correction is obtained by deriving a compo 

nent from a scan line of image signals that is not corre 
lated with image signals picked up from adjacent scan 
lines. Accordingly, the averaged image signal produced 

_ by low pass ?lter 56 is subjected to a delay equal to one 
scan line interval by all H delay circuit 57; and this 
delayed, averaged scan line of image signals is subjected 
to another 1 H delay by delay circuit 59. If the image 
signals produced at the output of delay circuit 57 are 
considered to be the image signals produced during 
scan line n, then the image signals produced at the out 
put of delay circuit 59 are those which are obtained 
during scan line n-1 and the image signals produced at 
the output of low pass ?lter 56 are those which are 
produced at scan line n+ l. The image signals from line 
n are coupled to one input of a subtracting circuit 72 by 
way of a weighting circuit 69 which, for example, may 
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12 
be an ampli?er. The image signals produced during scan 
line n-l which appear at the output of delay circuit 59, 
are coupled to another input of subtracting circuit 72 by 
way of a weighting circuit 70 and are adapted to be 
subtracted from the image signals of line n. Likewise, 
the image signals produced during scan line n+1 are 
supplied from the output of low pass ?lter 56 to a fur 
ther input of subtracting circuit 72 by way of weighting 
circuit 67 so as to be subtracted from the image signals 
produced during line n. Preferably, weighting circuits 
67 and 70 may be ampli?ers, each having a gain, or 
weighting function, that is one-half the gain, or 
weighting function of weighting circuit 69. Thus, for 
proper correlation, if the level of the image signals 
produced during lines n, n-1 and n+1 are all equal to 
B, then subtracting circuit 72 functions to carry out the 
following operation: 

Di?‘erences that may be present from one line to the 
next appear as an uncorrelated component at the output 
of subtracting circuit 72. This uncorrelated signal com 
ponent, which is derived from adjacent lines n, n+ l and 
n- l, is summed in an adding circuit 73 with the aver 
aged image signals produced during line 11 and supplied 
from the output of delay circuit 57. The output of the 
adding circuit comprises a contour‘emphasized lumi 
nance signal Y. This contour-emphasized luminance 
signal is supplied to a video signal synthesizing circuit 
76- which also is coupled to a chrominance signal pro 
cessing circuit 74, the latter receiving the averaged 
image signals produced during line n from delay circuit 
57 as well as the image signal produced by image pickup 
element 52 and ampli?ed by ampli?er 54. The chromi 
nance signal processing circuit is conventional and op? 
erates to produce color difference signals R-Y and B-Y. 
These color difference signals are combined with the 
contour-emphasized luminance signal in video signal 
synthesizing circuit 76 to produce a synthesized video 
signal Sy. 
As pointed out previously in the discussion of the 

Background of the Invention, the inherent nature of the 
complementary color matrix ?lter is such that an in 
crease in brightness of the scene being imaged may 
result in an increase in the modulation signal level pro 
duced when, for example, an even line is scanned, suffi 
cient to saturate ampli?ers 67, 69 or 70. As illustrated in 
FIGS. 7 and 8, saturation of an ampli?er in response to 
the image signals produced when an even line is 
scanned but not when an odd line is scanned may cause 
subtracting circuit 72 to produce an erroneous output. 
This output is interpreted as an extracted uncorrelated 
signal component and serves to emphasize the lumi 
nance signal improperly. Thus, even though contour 
correction may not be needed, the saturation of one or 
more ampli?ers results in an inaccurate contour-empha 
sized luminance signal. Rather than suspend the contour 
correction operation in response to such an increase in 
the brightness level of the scene being imaged, as pro 
posed heretofore, the present invention connects clip 
ping circuits 61, 63 and 65 to the inputs of weighting 
circuits 67, 69 and 70 to clip the averaged image signals 
supplied to the weighting circuits if those averaged 
image signals exceed a predetermined amount, thereby 
preventing the weighting circuits from being saturated. 
The advantages attained by incorporating clipping 

circuits 61, 63 and 65 may best be appreciated by refer 
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ring to FIGS. 15, 16 and 17. FIG. 15 is a graphical 
representation of the relationship between the level of 
the averaged image signals EA V1, and the clipped output 
signal produced by clipping circuit 61, 63 or 65. The 
clipping level of each of these clipping circuits is repre 
sented as VCL; and it is seen that the output of the clip 
ping circuit increases linearly with the level of the aver 
aged image signal (i.e. the signal is not clipped) until the 
level of the averaged image signal exceeds the clipping 
level V“. Thereafter, the clipping circuit output re 
mains constantl 
FIG. 16 likewise is a graphical representation of the 

relationship between the level of the averaged image 
signal EAVL and the clipped output signal produced by 
clipping circuit 61, 63 or 65. FIG. 16 also indicates the 
average level E5415 of the image signal which contains 
‘modulation components of a magnitude sufficient to 
saturate ampli?ers 67, 69 or 70, such as may be pro— 
duced during an even scan line. It is assumed in FIG. 16 
that the average level of the image signals produced 
during an even scan line for a brightness which results 
in saturation of the ampli?ers is less than the averaged 
level of the image signals produced during an odd scan 
line. If the image signal produced by image pickup 
element 52 during an even scan line is represented as 
$55 and the image signal produced by the image pickup 
element during an odd scan line is represented as SS0, 
then it is seen in FIG. 16 that the averaged level of the 
image pickup signal 555 which results in ampli?er satu 
ration is lower than the averaged level of the image 
pickup signal SS0 which does not cause saturation. The 
clipping level VCL of the clipping circuits is set to be 
less than the lowest average level of an even or odd scan 
line of image signals which would result in saturation of 
the ampli?ers. Accordingly, in the present example 
wherein it is assumed that the modulation components 
of an even line of image signals will result in saturation 
but the modulation components of an odd line of image 
signals will not, and wherein it is further assumed that 
the average level of the even line of image signals for 
that occurrence is E5415, then VCL<ESATE Hence, 
the averaged image signals are clipped before the aver 
age level thereof reaches the saturation level E5415. 
From FIG. 17, it is seen that, as the brightness of the 

imaged object increases, contour correction likewise 
increases in a linear manner. However, when the bright 
ness reaches a level such that the averaged image signal 
produced in response thereto exceeds the clipping level 
VCL, contour correction approaches a constant value 
which no longer changes with an increase in brightness. 
This is compared with the prior art relationship be 
tween brightness and contour correction shown in FIG. 
9, whereby contour correction is suspended when the 
brightness of the object being imaged exceeds a thresh 
old level. In accordance with the present invention, 
contour correction is not suspended but, rather, remains 
constant. Thus, vertical contour correction is achieved 
even if the brightness of the object being imaged is quite 
high. 
Although a change in brightness may result in differ 

ent average levels of the image signals produced during 
even and odd scan lines, such as shown in FIGS. 7 and 
8, if the averaged image signals are clipped at higher 
brightness levels, the average levels tend to be substan 
tially equal to each other. Hence, dif?culties caused by 
differences in the average levels of the image signals 
produced during even and odd scan lines are avoided. 
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Another embodiment of the contour correcting appa 

ratus shown in FIG. 14 is illustrated in FIG. 18, wherein 
like reference numerals are used to identify like ele 
ments. It will be appreciated that the embodiment 
shown in FIG. 18 differs from that shown in FIG. 14 in 
that the individual clamping circuits 61, 63 and 65 
through which the respective scan lines of averaged 
image signals are supplied to weighting circuits 67, 69 
and 70 in FIG. 14 are replaced by a single clipping 
circuit 61 connected directly to the output of low pass 
?lter 56 in FIG. 18. Nevertheless, in the FIG. 18 em 
bodiment, clipped, averaged image signals from scan 
line :1 are supplied to weighting circuit 69, clipped aver 
aged image signals from scan line n-l are supplied to 
weighting circuit 70 and clipped averaged image signals 
from scan line n+1 are supplied to weighting circuit 67. 
Hence, the embodiment shown in FIG. 18 operates in 
substantially the same way as ‘the aforedescribed em 
bodiment sliown in FIG. 14. It will be appreciated that, 
functionally, there is no substantial difference between 
clipping the averaged image signals before or after they 
are delayed by delay circuits 57 and 59. 
Yet another embodiment of contour correcting appa 

ratus is illustrated in FIG. 19. The embodiment shown 
in FIG. 19 is similar to that discussed above in conjunc 
tion with FIG. 14 and like reference numerals are used 
to identify like elements. Whereas in the embodiment of 
FIG. 14, differences between the averaged image sig 
nals in scan line it and the averaged image signals in 
adjacent scan lines n+1 and n—1 are extracted, the 
embodiment of FIG. 19 extracts differences in the aver 
aged image signals between scan lines n and n+1. Ac 
cordingly, only one 1 H delay circuit 57 is provided; 
and this delay circuit supplies the averaged image sig 
nals in scan line 11 to one input of a subtracting circuit 83 
from which the averaged image signals in scan line n+1 
are subtracted. It is seen that weighting circuits 81 and 
82 supply the averaged image signals of scan lines 11 and 
n+1, respectively, to the subtracting circuit. These 
weighting circuits impart equal weight to the image 
signals supplied thereby and, in one embodiment, the 
weighting circuits comprise ampli?ers having substan 
tially equal gains. 

Nevertheless, to prevent the average level of the 
averaged image signals supplied to subtracting circuit 
83 from exceeding the saturation voltage of ampli?ers 
81 and 82, clipping circuits 61 and 63 prevent the aver 
aged image signals from reaching the saturation volt 
age. Of course, subtracting circuit 83 extracts a signal 
component that is not correlated from scan line n to 
scan line n+1; and this extracted uncorrelated compo 
nent is added to the averaged image signal of scan line 
it to produce the contour-emphasized luminance signal 
Y. Vertical contour correction of the video signal thus 
is obtained. J 
While the present invention has been particularly 

shown and described with reference to preferred em 
bodiments, it will be readily appreciated by those of 
ordinary skill in the art that various changes and modi? 
cations may be made without departing from the spirit 
and scope, of the invention. For example, the image 
pickup element that may be used in each embodiment 
can be implemented as a CCD element or other conven 
tional solid-state pickup devices. Alternatively, the 
image pickup device may comprise a conventional cath 
ode ray tube. Furthermore, in the embodiment of FIG. 
10, the replacement black signal level W24 (described in 
conjunction with FIG. 11D) need not be equal exactly 
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to the optical black signal level W22. Rather, depending 
upon the reference level which is used by the individual 
processing circuits that clamp this replacement black 
signal level, the replacement black signal level may be 
shifted to be greater or less than the optical black signal 
level by a desired amount. Still further, in the contour 
correction apparatus shown in FIGS. 14, 18 and 19, the 
delays imparted to the averaged image signal by delay 
circuits 57 and 59 need not be limited solely to a l H 
delay. Rather, the delay imparted to the image signal 
may be equal to two or more horizontal scanning peri 
ods. 

It is intended that the appended claims be interpreted 
as including the embodiments described herein, the 
alternatives mentioned above and all equivalents 
thereto. 
What is claimed is: 
1. Video signal processing apparatus for use with 

video imaging means having a line scanning period and 
a tlyback period, comprising image signal means for 
producing an image signal having useful video informa 
tion during said line scanning period and an optical 
black signal level during at least one portion of said 
flyback period; optical black level processing means 
including reference level means and means responsive 
to said reference level means for adjusting said optical 
black signal level to reduce level changes therein; re 
placement means for inserting during another portion of 
said ?yback period a replacement black signal level that 
is a function of said reference level means; and clamping 
means including means for generating ?rst and second 
clamping pulses and ?rst and second clamp circuits 
responsive to said ?rst and second clamping pulses for 
clamping the adjusted optical black signal level and the 
replacement black signal level, respectively, and 
gamma correcting means connected in circuit between 
said ?rst and second clamp circuits for gamma correct 
ing the image‘signal that is clamped to the adjusted 
black signal level. 

2. The apparatus of claim 1 wherein said reference 

7. The apparatus of claim 1 wherein said video imag 
ing means includes pickup means having an image 
pickup surface and an optical black surface, and means 
for scanning said image pickup surface during said line 
scanning period and for scanning said optical black 

, surface during said ?yback period to produce an image 

an IC 

level means includes a reference source for providing a 40 
reference signal, and said means for adjusting includes 
comparator means for providing a comparison of said 
optical black signal level to said reference signal, and 
DC level shifting means for adjusting said optical black 
signal level as a function of said comparison. 

3. The apparatus of claim 2 wherein said replacement 
mans includes means for deriving said replacement 
black signal level from said reference signal; and switch 
means for normally selecting said useful video informa 
tion and the adjusted optical black signal level and for 
selecting said replacement black signal level during said 
other portion of said flyback period. 

4. The apparatus of claim 3 wherein said replacement 
means further includes timing signal generating means 
for supplying a change-over timing signal to said switch 
means having a duration equal to said other portion of 
said ?yback period to cause said switch means to select 
said replacement black signal level. 

5. The apparatus of claim 4 wherein said timing signal 
generating means generates said ?rst and second clamp 
ing pulses, said ?rst clamping pulse occurring during 
said one portion of said ?yback period for enabling said 
comparator means. 

6. The apparatus of claim 4 wherein said means for 
deriving said replacement black signal level comprises 
level processing means for processing said reference 
signal to a level substantially equal to said optical black 
signal level. 
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pickup signal, and wherein said image signal means 
comprises sampling means for sampling said image 
pickup signal and automatic gain control means coupled 
to said sampling means to provide said useful video 
information and said optical black signal level. 

8. Video signal processing apparatus for processing a 
video signal having a line scanning period during which 
useful video information is present and a ?yback period 
during a ?rst portion of which an optical black signal 
level is present, said apparatus comprising: black level 
replacement means for replacing the video signal which 
is present during a second portion of the ?yback period 
with a replacement black signal level; timing signal 
generating means for generating a ?rst timing pulse 
during said first portion of said ?yback period, a second 
timing pulse for activating said black level replacement 
means and a third timing pulse during said second por 
tion of said ?yback period; chrominance signal process 
ing means coupled to said black level replacement 
means for receiving the video signal therefrom and 
including ?rst and second chrominance processing 
stages operable to clamp the black signal level of said 
video signal supplied thereto; luminance signal process 
ing means coupled to said black level replacement 
means for receiving the video signal therefrom and 
including ?rst and second luminance processing stages 
operable to clamp the black signal level of said video 
signal supplied thereto; means for supplying said ?rst 
timing pulse to the ?rst chrominance processing stage 
and to the ?rst luminance processing stage to clamp the 
optical black signal level in the video signal; and means 
for supplying said third timing pulse to the second chro 
minance processing stage and to the second luminance 
processing stage to clamp the replacement black signal 
level in the video signal. 

9. The apparatus of claim 8 wherein said black level 
replacement means includes a reference source for pro 
viding a reference signal, comparator means responsive 
to said ?rst timing pulse for providing a comparison of 
said optical black signal level to said reference signal, 
and adjustment means coupled to said comparator 
means for adjusting said optical black signal level as a 
function of said comparison. 

10. The apparatus of claim 9 wherein said black level 
replacement means further includes means for deriving 
said replacement black signal level from said reference 
signal; and switch means for normally selecting said 
useful video information and the adjusted optical black 
signal level and responsive to said second timing pulse 
for selecting said replacement black signal level during 
said second portion of said ?yback period. 

11. The apparatus of claim 10 wherein said adjust 
ment means comprises DC level shifting means for 
receiving said useful video information and said optical 
black signal level and responsive to the comparison_ 
provided by said comparator means for shifting the DC 
level of said useful video information and optical black 
signal level. - 

12. The apparatus of claim 10 wherein said means for 
deriving said replacement black signal level comprises 
level processing means for processing said reference 
signal to a level substantially equal to said optical black 
signal level. 


